Objective: Nivolumab has been used for treating non-small cell lung cancer (NSCLC) worldwide. Whether neutrophil-lymphocyte ratio (NLR) can predict the prognosis of NSCLC treated with Nivolumab is still under debate. This meta-analysis was to assess the significance of NLR as a predictive factor in NSCLC patients receiving Nivolumab. Methods: Databases including PubMed, Embase, and the Cochrane library were searched to identify eligible studies evaluating the role of NLR in predicting prognosis of NSCLC treated with Nivolumab until March 2018 without language restrictions. The meta-analysis was performed using hazard ratio (HR) of progression free survival (PFS) and overall survival (OS) in NSCLC patients with various NLR. Results: A total of 14 retrospective studies consisting of 1225 NSCLC patients were included. The combined results showed that relatively higher baseline NLR was associated with poor PFS (HR = 1.44; 95% confidence interval (CI):1.18-1.77; p < 0.05) and OS (HR = 1.75; 95% CI: 1.33-2.30; p < 0.05) after treatment of Nivolumab. Subgroup analysis suggested that NLR ≥ 5 was more reliable for PFS (HR = 1.73; 95%CI: 1.14, 2.62; p < 0.05) and OS (HR = 1.76; 95%CI: 1.47, 2.10; p < 0.05). In addition, post-treatment NLR also had predictive roles for PFS (HR = 3.17; 95%CI: 1.48, 6.82; p < 0.05) and OS (HR = 2.26; 95%CI: 1.05, 4.86; p < 0.05). Conclusion: Our findings suggest that NLR can be used as a prognostic biomarker for NSCLC treating with Nivolumab, and the recommended cutoff value of NLR is 5.
Introduction
Non-small cell lung cancer (NSCLC) remains one of the most lethal malignant diseases worldwide. 1 The traditional therapy is mainly consisted of chemotherapy, radiotherapy, surgical resection and best supportive care. 1 In recent years, the therapeutic strategies for non-small cell lung cancer (NSCLC) have been enriched with small molecular targeted therapy and immunotherapy. 2 For targeted therapy, several positive and practical indicators of their efficacy have been identified by accumulating clinical and laboratory evidence, such as epidermal growth factor receptor (EGFR) mutation. 3 After failure of previous treatments, immunotherapy still shows favorable clinical benefits. 3 Moreover, there are evidences supporting first-line and/or second-line application of this novel treatment for NSCLC. 4 However, not of all the treated patients gain this advantage. 4 How to predict the efficacy of immunotherapy in a feasible and reliable way is important during the process of selecting regimen from multiple options for oncologists and patients.
Immune checkpoint inhibitors such as Nivolumab have gained much attention in clinical practice because of their superiority in controlling cancer. 5, 6 A series of factors like PD-L1 expression, tumor infiltrating lymphocytes (TILs), and tumor mutational burden(TMB) have been tested whether they are suitable to serve as predictor of immunotherapy effectiveness. [7] [8] [9] PD-L1 expression is associated with survival with Nivolumab in NSCLC patients, especially non-squamous histology subset. However, responses to Nivolumab are also observed in patients without discernible expression of PD-L1, challenging the reliance of this factor. TILs is also reported to be associated with survival during immunotherapy. But the detection of this biomarker is not so convenient and cheap. Although TMB is also a remarkable biomarker for immunotherapy, it exhibits similar shortcomings as PD-L1 and TILs. Therefore, the searching for feasible, cheap and optimal predictive marker is still under exploring.
Recently, several studies [10] [11] [12] have reported that inflammatory status is important for survival in NSCLC patients, and the most promising one is neutrophil-lymphocyte ratio (NLR). NLR is a marker of systemic inflammation and suggested to be associated with clinical benefits in various cancer patients. Inflammation plays important roles in tumorigenesis, and it facilitates the progression of tumors by modulating microenvironment. Blood-based parameters, such as NLR, have been reported to predict outcomes in cancer patients. A number of metaanalyses [13] [14] [15] have suggested that NLR is a good predictive biomarker in predicting efficacy of chemotherapy and molecular targeted therapy in various cancer types. Since 2017, retrospective studies 5, [16] [17] [18] [19] evaluating the role of NLR in predicting outcomes of NSCLC patients receiving immune checkpoint inhibitors have been released. These studies showed that pretreatment NLR might correlate with progression free survival (PFS) and overall survival (OS) in NSCLC patients receiving Nivolumab. More recently, two meta-analyses 20, 21 have addressed the question of pre-treatment NLR being the predictive biomarker in cancer patients treated with immunotherapy. However, these meta-analyses focused on various cancers with very limited data on NSCLC. Another question is about the optimal cutoff value for NLR to serve as a prognostic biomarker.
Various cutoff values of NLR were reported in different studies. Most of them reported that NLR< 5 was associated with better survival in cancer patients treated with Nivolumab, and more powerful evidence is needed to prove it. In addition, whether post-treatment NLR has the same role as that of the pre-treatment NLR, it is also not well determined.
Therefore, we systematically searched databases to identify retrospective studies on the topic of relationships between NLR and outcomes of NSCLC patients treated with Nivolumab, extracted data of OS, PFS and ORR, and analyzed them by RevMan 5.3. The combined results supported the application of NLR to predict outcomes of NSCLC regardless of testing time of NLR.
Methods

Search strategy
The electronic databases including Pubmed, Emabse, and the Cochrane library were systematically searched to identify studies evaluating relationship between NLR and clinical outcomes in NSCLC patients receiving Nivolumab until March 2018. There was no limitation of language and study type. The keywords used during the search were as following: immunotherapy, immune checkpoint inhibitor, immune checkpoint blockade, Nivolumab, PD-1 inhibitor, PD-L1 inhibitor, lung cancer, non-small cell lung cancer, NSCLC, NLR, and neutrophil-lymphocyte ratio. The abstracts of meetings were included if they provided sufficient information of primary and secondary endpoints. For related data that was not available in the original full-text, the corresponding author was contacted for more detailed information.
Study selection
The NLR was defined as absolute neutrophil count (ANC) divided by absolute lymphocyte count (ALC). Clinical trials about assessing the predictive role of NLR in immunotherapy of NSCLC were included and analyzed. Inclusion criteria were as follows: (1) clinical trials of immune checkpoint inhibitor Nivolumab in treating NSCLC and the relationship between NLR and outcomes; (2) reported HRs in terms of OS, PFS, and ORR. Or the interested HRs could be calculated through survival curves; (3) no language limitation. Reviews, animal studies and comments were excluded. Two reviewers conducted the literature search process, independently.
Data extraction
The definitions of OS, PFS, ORR, DCR and NLR are the same as previously reported. 1, 22 Cutoff values of NLR were reported and extracted from each included study. The primary endpoints were HRs of NLR< cutoff value (low NLR) versus NLR≥ cutoff value (high NLR) for PFS, and the secondary endpoints were HRs of low NLR versus high NLR for OS, ORR, and DCR. The baseline characteristics such as title, author, publication year, age, number of participants, number of males and females, treatment, and pathological types were extracted. Two reviewers performed data extraction, independently. When there were inconsistencies about extracted data, a third reviewer was invited to solve it.
Quality assessment
To assess the overall quality of included studies, we used the NOS (Newcastle Ottawa Scale) that was recommended by the Cochrane Non-Randomized Studies Methods Working Group. 23 According to the protocol of NOS, three main perspectives including selection, comparability, and outcome were evaluated. There are four, one and three criteria items in concerns of selection, comparability and outcome, independently. The definition of a high quality study was at least six NOS criteria stars were achieved with low risk of selection, performance and reporting bias. The process of quality assessment was performed by Dedong Cao and Huilin Xu, independently. If there was a disagreement about the result of quality evaluation, a third reviewer (Ximing Xu) was involved to solve the concern.
Statistical analysis
Meta-analysis was performed using the Cochrane software RevMan 5.3. Briefly, the pooled analysis was conducted by using the original data obtained from the eligible studies. In order to assess the role of NLR in predicting progression free survival (PFS) and overall survival (OS) of non-small cell lung cancer patients receiving Nivolumab, hazard ratios (HRs) for PFS, OS, and overall response rate (ORR) were used. If there was only survival curve without direct information about HR, the method provided by the referred protocol 24 was applied to calculate an indirect HR of interest. The subgroup analyses were also performed in terms of study design, disease stage, cutoff value, NLR testing time, and region. The chi-squared (χ 2 , or Chi 2 ) test and I 2 value were used to assess the heterogeneity of the included studies, and different I 2 indicated variable degree of heterogeneity according to the Cochrane Handbook 5.1. 25 According to the cited reference, a random effects model was used if the P value for heterogeneity was less than 0.1, and/or the I 2 value was larger than 50%. Otherwise, the fixed effects model was used. 25 Egger's test and Begg's test were used to assess publication bias. For all combined analysis, a P that less than 0.05 is considered as there is a statistical significance.
Results
Search results
After systematically initial search, a total of 144 studies were collected. After removing duplication and reviewing titles and abstracts, 126 of them were discarded and the left 18 studies were included for more detailed selection. Finally, 130 of the initial studies were excluded and the left 14 retrospective studies [16] [17] [18] [19] [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] were considered as eligible for the combined analysis after reviewing the full text. We also planned to assess the role of NLR in predicting anti-PD-1/PD-L1 agents, including Pembrolizumab, Atezolizumab, and Durvalumab. However, there were not enough clinical studies on these agents.
The detailed information about study selection process is presented in Figure 1 .
There were 1225 NSCLC patients within these 14 studies published from 2017 to 2018. The median age of this population ranged from 47 to 71 years. The main immunotherapy agent was Nivolumab that used in all studies. The reported primary endpoints were PFS, OS and ORR. The cutoff value of NLR ranged from 2.8 to 6.5, and the value of 5 was applied in seven studies. The baseline characteristics of included studies are listed in Table 1 .
Overall quality of included studies
As they were retrospective studies, we used NOS method to evaluate the quality of included studies. As illustrated by Table 2 , five studies were considered as low quality because of less than 6 criteria star. The main disadvantages lowering the overall quality were selection and reporting outcomes. Six of them were meeting abstract and it was difficult to determine the quality of these studies just by limited information.
Combined results
PFS and OS
We extracted data of PFS and OS from individual studies [16] [17] [18] [19] [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] . As shown in Supplemental Table 1 , the median OS ranged from 6.5 to 17 months, while the median PFS was between 2.1 and 5.5 months. The median PFS of patients with low NLR ranged from 1.7 to 8.6 months, while it was 1.8 to 2.5 months in patients with high NLR. The median OS of low NLR were from 3.4 to 13.2, and it was 2.8 to 5.5 in high NLR (Supplemental Table 2 ).
By combining HRs of high NLR versus low NLR with regard to PFS from 10 studies, [16] [17] [18] [19] 26, 28, 32, 33, 35, 36 the pooled result using random effect model showed that the estimated effect was 1.44 (95%CI: 1.18, 1.77), indicating NSCLC patients with low pretreatment NLR had a 1.44 times of getting better PFS ( Figure 2A ). As shown in Figure 2B , the pooled HRs of OS from eight studies 16, 18, 19, 28, 30, 33, 35, 36 using random effect model was 1.75 Figure 1 . Flow chart of selecting eligible studies.
(95%CI: 1.33, 2.30), favoring NSCLC patients with low pre-treatment NLR.
ORR and DCR
Seven studies [17] [18] [19] 26, 29, 30, 33 reported number of patients achieved ORR and DCR after treatment of Nivolumab (Supplemental Table 3 ). In a total of 716 patients, 141 were considered as ORR and 236 as DCR, with percentages of 19.69% and 32.96%, respectively.
Subgroup analysis
The subgroup analysis was introduced to assess the impact of different cutoff value, disease stage, testing time of NLR and region. The overall results are listed in Table 3 .
Disease stage
Most of the studies included patients with advanced NSCLC, and four studies 27,29,30,37 did not mention the disease stage.
With extractable data, only one study 30 with unclear disease stage was included when assessing NLR for OS, and all were advanced stage in assessment of NLR for PFS. The results showed that low NLR favored better OS (Supplemental Figure 1A) and PFS ( Figure 2A ) regardless of disease stage.
Cutoff value of NLR
As there were several studies 16, 18, 19, 28, 33, 35 set the cutoff value of pre-treatment NLR being 5, we used the value of 5 to find out the influence of different cutoff value on PFS and OS. The studies [16] [17] [18] [19] 26, 28, 32, 33, 35, 36 included reported the HRs of high NLR versus low NLR on PFS in the treatment of advanced NSCLC. As shown in Figure 3A , the estimated effect of NLR < 5 was 1.19 (95%CI: 1.00, 1.41; p = 0.06), and it was 1.73(95% CI: 1.14, 2.62; p = 0.009) for NLR ≥ 5. A similar result was found in term of OS. The combined effect was 1.59(95%CI: 0.83, 3.07; p > 0.05) for NLR < 5 and 1.76(95%CI: 1.47, 2.10; p < 0.00001) for NLR ≥ 5 ( Figure 3B ). These findings suggested cutoff value of NLR ≥ 5 may be more reliable in predicting PFS and OS in NSCLC treated with Nivolumab.
Testing time of NLR
Next, we evaluated whether post-treatment NLR still hold the promise of predicting prognosis during immunotherapy in NSCLC. As shown in Figure 3C , the pooled effect of posttreatment NLR for predicting PFS was 3.17(95%CI: 1.48, 6.82; p = 0.003), with a statistically significance. Similarly, the estimated effect of post-treatment NLR for OS was 2.26(95% CI: 1.05, 4.86; p = 0.04, Figure 3D ).
Region of study
This subgroup analysis determined that patients with low baseline NLR could have beneficial PFS (Supplemental Abbreviation: N, number; M, male; F, female; NLR, neutrophil-to-lymphocyte ratio; OS, overall survival; PFS, progression free survival; ORR, overall response rate; SR, survival rate; N, not reported. Figure 1B ) and OS (Supplemental Figure 1C ) from immunotherapy without limitation of regions.
Publication bias assessment and sensitivity analysis
To assess the publication bias, we introduced funnel plot, Begg's test and Egger's test. As shown by Figure 4 , the funnel plot using data of PFS was not in a form of symmetry, indicating potential high risk of publication bias might exist. Then this was confirmed by the results of Egger's (P = 0.031 < 0.05) and Begg's test (P = 0.033 < 0.05), suggesting there might be unpublished or gray literature which should be included in the current analysis. The sensitivity analysis was conducted using data of PFS. As shown in Supplemental Figure 2 , the study of Galetta was considered as the main source of heterogeneity for PFS analysis. The combined result of PFS was not significantly affected by excluding this study.
Discussion
Immunotherapy has been one of the most promising anticancer strategies as demonstrated by accumulating beneficial evidences. 38 Meanwhile, Nivolumab and Pembrolizumab are the recently approved immune checkpoint blockades for treating advanced non-small cell lung cancer after failure of traditional chemotherapy or not. 3 Several clinical studies 17, 18, 20, 39 assessed relationship between NLR and immunotherapy, and some of them 17, 18, 20 argued that NLR could serve as a predictive factor while other found negative results. 39 Could NLR be a candidate for predicating prognosis of Nivolumab in NSCLC? How to feasibly and reliably determine NSCLC population who can gain a better benefit from Nivolumab? These are still in debates.
In this study, we tried to address this concern by combing NLR related data of individual studies through meta-analysis. The findings revealed that NLR before immune checkpoint inhibitor treatment might be a feasible prognostic biomarker for NSCLC. Patients with high baseline NLR was found to be associated with poor OS and PFS, whereas low baseline NLR was proved to be related with good OS and PFS. In subgroup analysis, the impact of disease stage, NLR cutoff value, NLR testing time and region on prognostic role of NLR were evaluated. The synthesized results showed that NLR remained to be effective regardless of different stage, testing time of NLR, and region, but not cutoff value. Pre-treatment NLR cutoff value ≥ 5 hold the potential to indicate worse PFS or OS. With data from 716 NSCLC, the combined ORR of Nivolumab was 19.69%, and the DCR was 32.96%.
Recently, several meta-analyses 13, 14 with regard to the prognostic role of NLR in cancer targeted therapy or chemotherapy were published. These studies have shown the value of NLR as a biomarker in predicting outcomes of patients with advanced lung cancer. The study of Yu et al. collected data from 18 studies involving 7219 lung cancer patients who received traditional therapies, and the results suggested that a NLR cut-off value ≥ 4 significantly predicted poor OS (HR = 1.56) and PFS (HR = 1.54), while it was suggested to be 5 in our study. More recently, two released meta-analyses 20, 21 assessed prognostic utility of baseline neutrophil-tolymphocyte ratio in cancer patients receiving immune checkpoint inhibitors. Jiang et al 21 included 24 retrospective studies with 4647 cancer patients who treated with anti-VEGF/VEGFR therapy or immunotherapy. Their results found that high pretreatment blood NLR was correlated with significant shorter OS (HR = 1.98) and PFS (HR = 1.78). However, they only included one study related to immunotherapy in treating NSCLC patients. Another meta-analysis performed by Sacdalan et al. also showed a favorable result confirming the prognostic role of pre-treatment NLR in cancer patients. They included three retrospective studies that assessed the relationship between NLR and immunotherapy in NSCLC patients. Compared to the limited number of included NSCLC studies on topic of NLR and immunotherapy, we included 14 retrospective studies. There might be gray literature as indicated by the significant risk of publication bias. Our results also found that not only increased pre-treatment NLR but also high post-treatment NLR were significantly associated with poor OS and PFS.
There are other predictive biomarkers with potential roles for immunotherapy, including tumor mutational burden (TMB), programmed cell death receptor 1(PD-1), gene expression profiles (GEP) and mismatch repair status. Compared to these factors, NLR has been used as a prognostic biomarker in several cancers, such as lung cancer and colorectal cancer. It is convenient to calculate NLR without additional harm and economy cost. However, the application of immunotherapy should not be determined by sole predictive factor. The optimal combination of these biomarkers should be recommended.
There were some limitations within our meta-analysis. Firstly, all the included studies were retrospective studies with limited number of participants, weakening the strength of our findings. Secondly, the baseline characteristics of included studies varied, introducing a high risk of heterogeneity across studies and affecting the reliability of our results. The characteristics of patients were different across studies, which may also contribute to heterogeneity. Third, six of them were meeting abstracts providing few available data, and this could be improved by updating with the latest data. Nevertheless, this was the latest evidence with plenty of studies to prove the prognostic role of NLR in NSCLC treated with immune checkpoint inhibitors.
Conclusion
Our study found baseline NLR that larger than cutoff value was associated with poor PFS and OS, suggesting NLR could be a feasible biomarker to predict NSCLC patients who could benefit better from Nivolumab. However, due to the limited strength of included studies, it should be cautious to use this evidence and large sample, multiple center, randomized controlled clinical trials are urgently needed to validate our findings.
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